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Pathophysiology of
ANCA-associated vasculitis:
Are ANCA really pathogenic?
A note of caution
To the Editor: In their recent article, Heeringa and
Cohen Tervaert summarized the evidences for the widely
accepted conception, that antineutrophil-cytoplasmic au-
toauntibodies (ANCA), by activating neutrophils, are the
“major players” in the pathogenesis of small vessel vas-
culitis [1]. We feel a note of caution is appropriate.
First, there is no evidence for binding of ANCA to
polymorphonuclear neutrophils (PMN) (or monocytes)
in vivo: in patients with high ANCA titer, immunoglob-
ulin G (IgG) deposits cannot be detected on PMN, al-
though the target antigen, for example, PR3, could be
detected by use of a heterologous antibody (e.g., in the
histologic study described in [2], or the the ex vivo anal-
ysis of peripheral blood PMN described in [3]).
Second, to the best of our knowledge, the experiments
using ANCA for activation of PMN in vitro were per-
fomed with purified IgG, or with heterologous antibod-
ies, respectively. According to our experience, the affinity
of the ANCA for PMN is far too low for binding in the
presence of other plasma proteins. With purified IgG, the
low affinity binding can be overcome by high input of pu-
rified protein. Thus, stimulation of PMN by ANCA may
not occur under in vivo conditions.
Third, in the studies with experimental animals (as
reported, e.g., in [4]), the antibodies generated against
myeloperoxidase (MPO) are not true autoantibodies, be-
cause animals deficient for MPO were used for immu-
nization. These animals are not tolerant to MPO, and
consequently, lymphocytes with high reactivity towards
“self-MPO” will not be eliminated, leading to the gener-
ation of antibodies with high affinity binding. In contrast,
when self-tolerance is operative (as it is in humans), anti-
bodies with low affinity binding are produced, which will
greatly differ with regard to their interaction with poten-
tial target antigens.
While these argument do not necessarily rule out a role
of ANCA in vasculitis—or of the PMN—they challenge
the current model of ANCA-mediated PMN activation
as a major pathogenic factor.
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Reply from the Authors
We would like to respond to the issues raised con-
cerning our recent paper on the pathogenic potential of
ANCA [1]. First, it is stated that there is no evidence for
binding of ANCA to PMN in vivo. In our view, such stud-
ies would be technically very challenging, and multiple
reasons can be given for a negative outcome of such stud-
ies. Among others, these include the rapid clearing from
the circulation of ANCA-coated PMNs and the possibil-
ity of internalization of the membrane-bound MPO/anti-
MPO or Pr3/anti-Pr3 immune complexes.
The second issue concerns the affinity of ANCA for
their target antigens on the PMN surface being too low
to induce PMN activation in vivo. Although studies have
been performed using ANCA containing whole sera [2],
purification of the autoantibodies is common practice to
avoid confounding PMN activating mediators (e.g., cy-
tokines) that could be present in whole sera. Although it is
difficult to directly translate the results from such in vitro
studies to the in vivo situation in patients, they clearly
indicate that ANCA, under the right circumstances, can
activate PMN. In our view, this probably does not occur
systemically but locally when PMNs have bound to en-
dothelial cells. Other factors (infection?) are needed ini-
tially to create a proinflammatory environment, resulting
in PMN priming and adherence to activated endothelium.
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ANCA activation of such primed and adhered PMNs
would then exacerbate the local inflammatory response,
inducing vasculitis.
Finally, it is argued that the animal models developed
are not true autoimmune models. There is no doubt that
the artificial way by which the animal models are induced
has its limitations, as is true for many autoimmune ani-
mal models. Nevertheless, such models are very useful
because they provide us with a tool in which some of the
predictions derived from in vitro studies can be investi-
gated in an in vivo setting [3].
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Bioimpedance vector
migration up to three days
after the hemodialysis session
To the Editor: Recently, Di Iorio et al [1] reported re-
peated measurements of whole-body, 50 kHz, impedance
vector components, resistance (R) and reactance (Xc),
performed in the last hemodialysis session of the week
(27 patients, 20 males), before, at the end of the session,
after 15, 30, 60, 90, 120 minutes, and in the next days, after
24, 48, and 68 hours. They focused on agreement between
total body water (TBW) estimation through bioelectric
impedance analysis (BIA) versus Watson equation.
We performed vector BIA (a stand-alone method using
the RXc graph) [2], on data reported in Di Iorio’s Table 2,
and sought a pattern in impedance vector migration in the
long interdialysis period.
As shown in Figure 1, mean vectors measured within
120 minutes after the session randomly fluctuated close to
the end-dialysis vector (Fig. 1, labels a, b, c). Then, vectors
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Fig. 1. The impedance vector migration associated with hemodialysis
is depicted on the resistance-reactance (R-Xc) plane, normalized by the
stature (R/H and Xc/H, in ohms/m). Reference values for an individual
vector (thin arrow to the center of ellipses) are depicted as 50%, 75%,
and 95% tolerance ellipses (male, Italian population) [2]. Solid circles
represent vectors at the start and the end of the session. Open circles
represent vectors after 30 (label a), 60 (label b), 120 minutes (label c),
and in the next days, after 24 (label d), 48 (label e), and 68 hours (label f).
The vector lengthening during the hemodialysis session is represented
by the bold arrow in the direction of the major axis. The trajectory
followed by vector shortening after dialysis is represented by segments
of a path still parallel to the major axis of tolerance ellipses. Small,
hatched ellipses represent the 95% confidence of the mean, pre (lower
ellipse) to post (higher ellipse) dialysis vector displacement in a large
Italian population [3].
progressively shortened along a linear trajectory made
by measures after 24, 48, and 68 hours. Interestingly, the
vector at 48 hours (label e) reached the baseline vector
position at the start of the previous session (dot at the foot
of the arrow), indicating a same fluid overload, while the
vector at 68 hours shortened further, indicating a greater
fluid overload (longer interdialysis period).
These findings complete the pre-post pattern we pre-
viously described in 1116 hemodialysis patients (small
hatched ellipses), where the wet-dry weight cycling was
associated with a cyclical, backward-forward displace-
ment of the impedance vector [3], which can be observed
